Background: Bronchial asthma is a characterized by chronic inflammation with reversible airway obstruction and airway hyper-reactivity. In order to choose the most appropriate line of therapy we need to understand the sequence of inflammatory reaction at every stage of asthma. Aim of the work: we aimed to study apoptosis tendency, CD4
INTRODUCTION
sthma is a common disease manifesting by recurrent exacerbations resulting in changes in the structure of the airways. It is associated with swelling of the bronchial tubes which leads to narrowing of the airways. 1 The pathogenesis of asthma relies mainly on chronic inflammation which results in airway obstruction and hyperresponsi-veness. 2 Asthma was classified by the united states National Heart, Lung and Blood Institute into mild intermittent asthma, mild persistent asthma, moderate persistent asthma and severe persistent asthma. 3 Defective apoptosis was implicated in the chronicity of asthma leading to persistence of hazardous inflammatory reactions and harmful effects of immune cells accumulation. 4 All available information from both animal models and human studies emphasize the great role of T helper2 (Th2) cytokines in the pathogenesis of asthma.
5
Th2 lymphocytes secrete interleukin-4(IL-4) and IL-13, which stimulate and sustain IgE synthesis and release from B cells, and IL-5 which leads to recruitment of eosinophils into bronchial walls and, directly or indirectly, causes bronchial hyper-responsiveness. Th1 cells secrete INF-γ following activation. They are implicated in the initiation of inflammatory reactions leading to tissue damage and destruction. 6 A great controversy was found around the role of CD8 + T cells in the pathology of bronchial asthma. A previous study found a correlation between CD8 + T lymphocytes activity and the pathogenesis of asthma. 7 Another study demonstrated the ability of CD8 + T lymphocytes to secrete Th2 cytokines and their vital role in allergic inflammatory reactions and airway hyperresponsiveness. The identification of allergen specific CD8 + T cells provided another evidence for the great part played by CD8 + T lymphocytes A in the pathology and acute exacerbations of asthma. 8 It has been shown that the increase of CD45RO + PBL and CD45RO/ CD45RA ratio may explain the persistent airway inflammation of asthma. Chronic inflammation in an asthmatic subject may be attributed to the elevation in primed memory T lymphocytes, CD45RO, in the lung and peripheral blood. 8 The aim of this work was to study apoptosis tendency, CD4/CD8 ratio, CD45RO/ CD45RA ratio and T helper 1 and Th2 cytokines in vitro synthesis from peripheral blood lymphocytes in mild and severe persistent asthma patients.
PATIENTS AND METHODS
The present study was conducted at Clinical Pathology and Medical chest Departments, Faculty of Medicine, Zagazig University Hospitals. Fifty participants were included in this study: Group I : 10 healthy volunteers they were 6 male and 4 female their age ranged from 28-49 years with a mean age 37.4± 7.8 years. Group II: 20 patients of mild persistent asthma they were 12 male and 8 female their age ranged from 27-52 years with a mean age 37.4±9.9years.Group III: 20 patients with severe persistent asthma their age ranged 26-55 years with a mean age 40.1±10.7 years. Method: all members of this study were subjected to: thorough history taking , clinical examination, Routine laboratory investigations: CBC by " Sysmex S.F. 3000 " , stained smear for morphological examination, liver and kidney function tests by "Dimension RxL Max". Peak expiratory flow rate (PEFR) using Wright peak flow meter, Spirometric ventilatory pulmonary function testing and Arterial blood gases analysis. 9 Lymphocytes count was adjusted to 1 × 10 6 cells/mL, followed by incubation for 3 days at 37°C in a 6 well culture plate containing 1 mL complete RPMI-1640 medium (Sigma) with 10% human AB serum, 200 U/mL penicillin G and 200 μg/mL streptomycin. On the fourth day, centrifugation of the mixture was done at 2000 g for 5 minutes, and the supernatant was taken in two sterile tubes and kept in -80º to be used for ELISA. Enzyme-linked Immunosorbent Assay for measurement of IL-4and IFN-γ: External standard dilution was prepared in tubes. 100 µl standard dilutions was added in the microwell strips in duplicate. 50 µl of Assay Buffer was added to sample wells. 50 µl Sample was added, in duplicate, to prepared sample wells. 100 µl Assay Buffer was added to blank wells. 50 µl of prep-ared Biotin-Conjugate was added to all wells. Microwell strips were covered and incubated 2 hours at room temperature (18-25ºc) in the dark. Microwell strips were washed 3 times.100 µl Streptavidin-HRP was added to the wells. Then microwells were kept for1 hour at (18-25ºc 
RESULTS
The results of our study are statistically analyzed and summarized in the following tables (1-7). 
CD45RO/CD45RA
±SD Range ♦p=0.002 when compared to group I, •p=0.00 when compared to group I, ■ p=0.00 when compared to group II, ▲p= 0.00 when compared to group I &II. This table showed that the mean value of CD45RO% ± SD in group I was (54.1±14.3), in group II was (68.2±10.1) and in group III was (70.5±9.9). There was a high statistical significant difference among the three groups (p=0.001). The mean value of CD45RA% ±SD was (59.8±19.1) in group I, (66.3±6.3) in group II and (57.9±12.1) in group III. A significant statistical difference was found among the three groups, (p=0.002). The mean value of CD45RO/CD45RA ratio ±SD was (0.94±0.3) in group I, (1.03±0.15) in group II and (1.4±0.25) in group III. There was high statistical significant difference among the three groups, (p=0.00). A significant elevation of CD45RO + % was found in the mild group compared to the control group (p=0.002). Also there was a highly significant elevation in the severe group compared to the control group (p=0.00). While no statistically significant difference could be detected between the patient groups (p=0.51). No statistically significant difference could be detected in CD45RA + % between control and mild group (p=0.17), also no significant difference between control and severe group (p=0.09). While there was a highly significant reduction in the severe group compared to the mild group (p = 0.00). No significant difference of CD45RO/ CD45RA ratio was found between control and mild group (p=0.27). While there was a highly significant elevation in the severe group compared to the control and mild groups (p=0.00). This table showed that the median value of Bcl2 % was (14.8) in group I, (12.5) in group II and (25.8) in group III. A highly significant difference was found among the studied groups (p=0.00).
No significant difference was found in the median value of Bcl2 between control and mild groups (p=0.78). While there was a highly significant elevation in the severe group compared with both the control and mild groups (p=0.00). This table showed that the median value of IL-4 was (1.3 pg/ml) in group I, (18 pg/ml) in group II and (8 pg/ml) in group III. There was a highly significant difference among studied groups (p=0.00).The median value of INF-γ was (4.3 pg/ml) in group I, (3.9 pg/ml) in group II and (8.5 pg/ml) in group III. No statistically significant difference could be detected among studied groups (p=0.12). The median value of IL-4 / INF-γ ratio was (0.41) in group I, (3.05) in group II and (0.95) in group III. A significant difference was found among studied groups (p=0.003).
There was a highly significant elevation of IL-4 in the mild group compared to the control group (p=0.00). Also there was a highly significant elevation in the severe group compared to the control group (p=0.00). While a significant elevation was found in the mild group compared to the severe group (p=0.025). There was a significant elevation of IL-4/INF-γ ratio in the mild group compared to the control and severe groups (p=0.002), (p=0.015) respectively. While No statistically significant difference could be detected between control and severe groups (P=0.16).
Table (5):
Correlation between CD45RO% and the degree of asthma among the patient groups: This table showed that, in the mild group, a significant positive correlation was found between CD45RO% and the frequency of nocturnal symptoms (r=0.488, p=0.025). While a significant negative correlation was found between CD45RO% and FEV 1 % predicted (r= -0.482, p= 0.027) and also there was a significant negative correlation between CD45RO% and FEV 1 % predicted after salbutamol(r= -0.485, p= 0.026). However, there was no significant correlation between CD45RO% and frequency of symptoms (r= 0.367, p= 0.101). While, in the severe group, no statistically significant correlation could be found between CD45RO% and neither the frequency of nocturnal symptoms, nor FEV1% predicted nor FEV1% predicted after salbutamol(r= 0.231, p= 0.342), (r= -0.301, p= 0.211), (r= -0.311, p= 0.195) respectively. CD45-RO% could not be correlated to the frequency of symptoms / week because all patients in the severe group had continuous symptoms all over the week. 
Group III (severe group) r p
This table showed that, in the mild group, a significant negative correlation was revealed between CD45RA% and the frequency of symptoms / week (r= -0.600, p= 0.004). While a significant positive correlation was revealed between CD45RA% and both FEV 1 % predicted and FEV 1 % predicted after salbutamol(r= 0.517, p= 0.016), (r= 0.510, p= 0.018) respectively. However, no significant correlation could be detected between CD45RA% and the frequency of nocturnal symptoms / month (r= -0.399), (p= 0.73). In the severe group, no significant correlation could be found between CD45RA% and neither the frequency of nocturnal symptoms/month, nor FEV 1 % predicted, nor FEV 1 % predicted after salbutamol(r= -0.421, p= 0.072), (r= 0.388, p= 0.101), (r= 0.219, p= 0.369) respectively.
Table (7):
Correlation between CD45RO / CD45RA ratio and the degree of asthma among the patient groups: This table showed that, in the mild group, a significant positive correlation was detected between CD45RO / CD45RA ratio and the frequency of symptoms / week and the frequency of nocturnal symptoms/month (r= 0.704, p= 0.00) (r= 0.728, p= 0.00) respectively. While there was a significant positive correlation between CD45RO/CD45RA and the frequency of nocturnal symptoms / month in the severe group (r= 0.699, p= 0.002). Moreover, a significant negative correlation was found between CD45RO/CD45RA ratio and FEV 1 % predicted and FEV1 % predicted after salbutamol in both mild and severe groups(r= -0.821,p= 0.00), (r= 0.821, p= 0.00), (r= -0.718, p= 0.00), (r= 0.511, p= 0.025) respectively. group. E) Significant positive correlation between CD45RO /CD45RA ratio and frequency of symptoms/week in the mild group. F) Significant positive correlation between CD45RO/CD45RA ratio and frequency of nocturnal symptoms / month in the mild group. G) Significant negative correlation between CD45RO/ CD45RA ratio and FEV 1 in the mild group. H) Significant positive correlation between CD45RO / CD45RA ratio and frequency of nocturnal symptoms/month in the severe group. I) Significant negative correlation between CD45RO / CD45RA ratio and FEV 1 in the severe group. 
DISCUSSION
The site of inflammatory injury in patients with asthma contains large amounts of activated lymphocytes with significantly prolonged survival. In normal situations, the immune system eli-minates hyperactivated lymphocytes through the activation induced cell death (AICD) mechan-ism, which effectively prevents the occurrence of immune inflammatory injury and autoimmune diseases. 10 Thus, defective AICD and significantly enhanced proliferation may contribute to inflammatory infiltration and prolonged survival of CD4+ T lymphocytes in patients with asthma. 11 Our study was carried out to reveal the changes in peripheral blood lymphocytes CD4+/CD8+ ratio, Bcl-2, CD45RO+/ CD45RA+ (memory/naïve ) ratio and Th2/ Th1 profile in the form of detecting IL-4 and IFN-γ synthesized spontaneously in vitro by PBL and their ratio and in healthy subjects, mild, and severe persistent asthma patients. This information is crucial for understanding the sequence of the immune reaction in different grades of asthma severity. This could guide the clinician to choose the best strategy of treatment that targets the real causative factors.
The present study showed a higher prevalence of asthma among males with male to female ratio (2.1/1) this could be attributed to the high prevalence of smoking among males in Egypt especially in the low socioeconomic level. These findings are in line with another study in Iran that reported a higher prevalence among males with a male to female ratio (1.5/1). 12 However, other studies have reported higher incidence of asthma among females. 13, 14 In our study, no significant difference could be detected in the percentage expression of CD4 + nor CD8 + T cells between the control group and patient groups, also, no significant difference could be detected in the CD4 + /CD8 + ratio between control and patient groups.
Various factors are responsible for CD4 + T cell activation in asthma; these factors are mainly local within the airway of asthmatic patients. Alveolar macrophage in the inflammatory environment of chronic asthma might contribute to activation of CD4 T-lymphocytes. 15 Also a recent in vitro study found that eosinophils recruited to the airway modulated CD4+ T cell responses contributing to the pathogenesis of asthma characterized by eosinophilic airway inflammation. 16 Th2 cytokines switch antiviral CD8+ T cells to production of IL-5 resulting in more exacerbation of the allergic inflammation. And so, CD8+ T cell antiviral function would be inhibited along with CD8+ T cell-mediated exaggeration of the allergic inflammation. 17 Our results could be explained by the results of Cho and his colleges. They found an increase in the spontaneous synthesis of IL-5 and IFN-γ by CD8+ T cells in the sputum of asthmatic patients related to disease severity. While PB samples showed no differences between patient groups. These findings mean that observations on PB CD4+ and CD8+ T cells in the peripheral blood are not usually related to changes of CD4+ and CD8+ T cells of the airway. 18 This results were supported by the results of Abdulamir et al, and Machura et al. 3, 7 On the contrary, Vos et.al reported a significant reduction in CD8 + T cells asthmatic children compared to healthy children. 19 The present work demonstrates a highly significant elevation in the percentage expression of CD45RO cells in both asthmatic patient groups compared to control group. While, no statistically significant difference could be detected between the mild and severe groups. We also found a highly significant increase in the percentage expression of CD45RA cells in mild group compared to the severe group. While, no significant difference could be detected between the control group and both the mild and severe groups. Also, there was a highly significant elevation in the ratio between CD45RO/CD45RA cells in severe asthmatic patients compared to control and mild groups. While, no significant difference could be detected between the mild and control groups.
These results demonstrated that the memory T cells in PB of patients with severe asthma were significantly increased and this may explain the persistence of inflammatory reactions in the lung. CD4+CD45RO+RA+ in asthmatic patient's blood, representing naïve to memory transitionnal phenotype, were expanded shortly after antigenic exposure providing evidence to how environmental factors play a role in allergy and asthma. 20 Persistent inflammation in asthma requires the presence of an adequate amount of activated memory T lymphocytes. 21 The percentage of CD45RO PBL in addition to CD45RO/CD45RA ratio were more elevated in patients with severe asthma than patients with mild asthma and control subjects. The high level of CD45RO/ CD45RA ratio and Bcl2 may point to that effector memory T cells may induce proinflammatory signals that leads to the sustained immune reaction in the airway of asthmatic patients. Decreased apoptosis of these cells increases their life span and so may prolong their effects. 3 Memory CD4 T cells perform many functions including the secretion of cytokines, these cytokines can control highly effective secondary responses through different mechanisms. As well as the enhancement of direct effector functions at late phases of the immune response, in addition to their important helper function for CD8 T cell and B cell activity. 22 Our results were supported by http://www.zumed.zu.edu.eg/ 410
Abdulamir and his colleges, who found an increase in the percentage of CD45RO PBL as well as CD45RO/CD45RA ratio in patients with severe asthma compared to patients with mild asthma and healthy volunteers.
3
On the contrary, Machura et al., reported that the percentage of CD4+CD45RO+ cells was reduced in asthma children compared to the healthy children with no correlation to the severity of asthma; however, the absolute counts showed no difference among the groups. 7 Another study revealed that CD4+CD45RO+ memory T cells was more elevated in asthma patients than in healthy subjects, while the CD4+CD45RA+ naïve T cells in PB showed no significant differences among the groups. 20 The current study found a highly significant elevation in Bcl2% expression on T cells of severe asthmatics compared to mild and control groups. While, no significant difference could be detected between mild group and control group. Abdulamir et.al found a high level of NF-κB expression only in severe asthmatic patients but not in mild asthmatic patients, this may explain why the Bcl2 was much higher in the severe group than the mild group. It was demonstrated that NF-κB induces the expression and activity of Bcl-2, which is a strong antiapoptotic molecule and inhibits the proapoptotic Bax molecules. 23 IL-4 downregulates Fas expression on T cells and induces Bcl-2 expression to inhibit apoptosis and promote proliferation. A previous study showed that both the serum IL-4 and Bcl-2 expression by CD4+ T cells were significantly increased in children with asthma. Accordingly, it can be speculated that apoptosis inhibition and enhanced proliferation of CD4+ T cells are related to this increase in IL-4 expression.
11
Inflammation is the main character of asthma. Lymphocyte persistence may be responsible for the chronicity and persistence of airway infl-ammation. 24 Abdulamir et.al concluded that antiapoptotic protein Bcl-2 can suppress the expre-ssion and activity of proapoptotic proteins Bax. Reduction of apoptosis, related to the increase in persistence, severity and chronicity of asthma pathogenesis, clarifies the role of prolonged survival of the primed PBL in the development of the disease. 3 Previous studies demonstrated that reduced apoptosis may be responsible for the accumulation and persistence of memory lymphocytes in asthmatic patients. 3, 25 The result of this study is in agreement with another study showed that Bcl-2 expression by T helper cells was significantly increased in children with asthma.
11 Also other studies revealed that both Bcl2 and Bcl-2/Bax ratio were significantly increased in patients with asthma compared to control group and a significant increase in severe asthma compared to mild asthma. 3, 23 In our study we found a highly significant elevation in IL-4 level in asthmatic patient groups compared to the control group, while the in vitro synthesis of IL-4 in mild asthmatics was significantly increased compared to severe asthmatics. Though, we found no significant differ-ence of IFN-γ level among the groups. Also, there was a significant elevation of IL-4/INF-γ ratio in the mild group compared to the control and severe groups.
A previous study suggested that imbalance in the apoptosis of Th1 and Th2 effector cells may result in more death in one subset than the other. Akdis et.al found a fraction of cutaneous lymphocyte antigen (CLA + ) CD45RO + T cells showing prove of in vivo initiated activation induced cell death ( AICD). 26 Apoptosis of PB T lymphocytes was affecting mainly the Th1 cells, explaining the increase in Th2 profile among individuals with atopic dermatitis. This may elucidate the lake of peripheral blood lymphocytosis in patients with atopic dermatitis, despite the accumulation of T cells in the skin to make eczematous lesions. The lake of survival signals and inhibitors of Fas pathway leads to a shift toward Th2 cytokines in CD45RO + T cells and CLA + CD45RO + T cell clones. While high IFN-γ-secreting Th1 cells in mice showed a shorter life span. 26 A previous study found an increase in the percentage of T cells expressing Th2 cytokine mRNA in allergic inflammatory reactions. CD4+ T cells of allergic patients showed an abnormal in vitro synthesis of IL-4 and IL-5 triggered by antigens that are supposed to induce Th1 responses. 27 Dendritic cells play a central role in directing the immune response toward various Th subsets according to the type of costimulatory factors. Recently, it has been found that severe asthma is associated with activation and differentiation of Th17 rather than Th2 lymphocytes. These events occur in asthma due to the defective function of specific regulatory T cells. 28 Various studies were performed to study the T cell cytokines profile in asthma in adults and in children. Their results found a remarkable imbalance in cytokine profile associated with the development of this disease in both settings. 29 IL-4 is the main Th2-related cytokine. TNF promotes aggregation of lymphocytes and secretion of Th2 cytokines to mediate inflammatory reactions. Kaminuma observed that IL-4 participates in the mediation of local tissue inflammatory infiltration in patients with asthma and also activates eosinophils and aggravates asthma symptoms. 30 Furthermore, IL-4 participates in IgE generation through regulation of class switching. These observations indicate that IL-4, IL-10 and TNF are key players in respiratory inflammation in childhood asthma. 31 Th1 cytokines, IFN-γ, seem to play an important role in the progression of asthma with increase in severity and chronicity. A previous report found an increase in T cells producing IFN-γ in asthmatic patients compared with normal subjects.
18
Th2 cytokines are the main trigger of inflammation in mild asthma due to the elevation of IL-4 level and reduction in the level of IFN-γ. However, Th1 cytokines gained a higher role as asthma became more severe and chronic because of the elevation of IFN-γ in severe asthma. And so, IL-4/IFN-γ ratio was significantly reduced in severe asthma patients compared to both mild asthma patients and healthy subjects. This finding partially antagonizes the Th2 hypothesis of asthma which explains both severe and mild asthma in the same way.
3
Al-Daghri et al. reported a significant increase in IL-4 in severe asthmatic children compared to healthy children but they reported a significant decrease in IFN-γ in severe asthmatic children compared to healthy children. 29 On the contrary, Machura et.al found that the percentage pro-portions of CD4+ T cell staining positively for IL-4 and IFN-γ in periphral blood were not significantly different in children with asthma and healthy children. While CD8+ T spontan-eously producing IL-4 was much higher in asthmatic children compared to healthy controls. 32 Also, Abdulamir et.al found a significantly elevated level of IFN-γ in severe asthmatic group compared to mild asthmatic group which was more elevated than in healthy subjects. While the level of IL-4 was significantly higher in mild asthmatics in comparison with severe asthmatics and healthy subjects. IL-4/ IFN-γ ratio was remarkably reduced in severe asthma patients than in HV and mild asthma patients.
We found a higher level of IFN-γ among the severe asthmatic group compared to the control, however this elevation wasn't statistically significant. This could be explained by exhaustion of the Th2 cells in vivo especially in the severe asthmatic group with sustained symptoms, together with abruption of the antigenic stimulation that resulted in lower level of its activity in cultures. CONCLUSION The inflammatory response in mild persistent asthma showed that both CD4+ and CD8+ cells influence the development of asthma with no skewing to one of them over the other. These reactions were controlled mostly by Th2 cytokines, with less memory cells and shorter life spans of PBL. Severe persistent asthma showed also that CD4+ and CD8+ cells influence the development of asthma with no skewing to one of them over the other. The inflammatory reactions appear to be controlled by both Th2 and Th1 cytokines, with enlargement of memory compartment resulting in more prolonged inflammation. It also showed prolonged survival of PBL due to reduced apoptosis, with predilection to CD45RO+ cells. This study provides guidance regarding the adjustment of asthma management according to the class of asthma. RECOMMENDATION Future research is required to confirm the role of IFN-γ in the pathogenesis of severe asthma. Newly described T helper subsets were suspected to have a role in the pathogenesis of asthma specially Th17 and T regulatory cells. Therefore future research is needed to prove their role in asthma. An extended follow up study is recommended in order to assess the memory T cell compartment and apoptosis with different lines of treatment.
